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6ABBREVIATIONS
 ARS  antirotation screw
 CDU  color duplex ultrasound
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 COPpl  plasma colloid osmotic pressure
 CSA  cross-sectional area
 CT  computed tomography
 DHS  dynamic hip screw
 DVT  deep venous thrombosis
 FCF  femoral cervical fracture
 	~J#  
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 LIH  Lars Ingvar Hansson nail
 MRI  magnetic resonance imaging
 PFF  proximal femoral fracture
 Pif  
!+=+
 PTF  pertrochanteric fracture
 TSP  trochanter supporting plate
 VOP  venous occlusion plethysmography
7INTRODUCTION
Proximal femoral fracture (PFF) is one of the most frequent reasons for the hospi-
talization of elderly patients1,2. PFF is a serious, sometimes life-threatening trauma 


/
=%
3,4. PFF is associated 
with high morbidity and mortality5-7. The mortality rate after PFF is nearly 20% 
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approximately 20% per year8,9}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predict mortality and length of hospitalization10. The incidence of PFF is increasing 
in Western Europe5, 11-15. Especially in Norway, the overall incidence of PFF is 12.1 
per 1000 inhabitants over 65 years of age16,17. The incidence of proximal femoral 
fractures among females is 2 to 3 times higher than the incidence of such fractures 
among males18. 
     According to the Central Bureau of Statistics Norway, the proportion of popula-
tion above 65 years of age, which is about 15% of the total population in 2009, is 
going to be doubled (30%) until year 2060. This increasing longevity of the popu-
lation will contribute to a considerable number of patients with proximal femoral 
fracture in the coming years19,20.
;

$=

/=\+!+$$

%


+$+
$=
$21. Oedema may de-
velop if the capillary permeability is increased, or there is imbalance in the hydro-
static and colloid osmotic forces across the capillary wall, resulting in net transcap-
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the capillary wall were outlined by Starling (Starling 1896) and are described by 
the so-called Starling’s equation22:
F=CFC [(Pc-Pif) -  (COPpl-COPif)] = Jl,
where, Pc and Pif==+
=

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respectively. COPpl and COPif are the colloid osmotic pressure of plasma and inter-
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22,23. In the subcutane-
ous tissue,  is probably in the range 0.9-1.023,24. The colloid osmotic pressures are 
caused by proteins, mainly albumin. If proteins are freely permeable, no osmotic 
pressure gradient is created and ?X=


a proportionality factor in the Starling equation, and represents the amount of net 
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tion pressure. It is a product of capillary wall hydrodynamic conductivity per unit 
area and available capillary surface area. If the gaps between the endothelial cells 
widens, then the capillary hydraulic conductance increases. The available capillary 
surface area increases with an increase in the number of perfused capillaries. An 
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Figure 1. Schematic presentation of the 
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ance. The arrows indicate the direction of 
the forces. F represents the net capillary 
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Lower limb oedema in the subcutaneous tissue has been investigated thoroughly in 
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limb oedema after arterial reconstruction25-27. However, despite its common obser-
vation the post-operative lower limb oedema in the patients with PFF has not been 
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oedema. Therefore, we planned and conducted this study to investigate the follow-
ing research questions:
1. What is the incidence of postoperative lower limb oedema in the patients oper-
ated on for PFF? (Paper I)28
2. How is the distribution of oedema in the different soft tissue compartments of 
the lower limb in the patients with PFF? (Paper II)29
3. Is there any difference in the magnitude of oedema in the patients with PTF 
and FCF and is this post-operative oedema uni- or a bilateral phenomenon in 
these patients? (Paper 1 and Paper II)28,29
     Since deep venous thrombosis (DVT) is a commonly seen complication after 
hip arthroplasty30. One may suspect DVT as a possible cause of lower limb oedema 
in the patients with PFF. We also posed us the question:
94.   Can DVT be the cause of this type of oedema in the patients with PFF? (Paper
      I,II,III)28,29,31
     Tissue injury may result in an increased endothelial hyperpermeability of 
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32. The list of mediators 
inducing endothelial hyperpermeability continues to grow. If any simultaneous/
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important research questions were:
5.     What changes in the plasma IL6 and IL8 levels occur immediately after the 
        injury and after the operation for PFF? (Paper III)31
6.     PTF is a more severe injury than FCF and also the operation for it is greater.
        Is there any difference between the plasma levels of IL6 and IL8 in the 
        patients with PTF and FCF? (Paper III)31
'$++!=$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limit its formation. It can be of interest to study the changes in the different fac-
tors of Starling equation to have a better understanding of the pathophysiological 
changes in the lower limb of patients with a PFF. Generally, oedema development 
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33. Therefore we also 
posed us this question:
7.     What changes in the Starling forces can be observed that limit the lower limb 
        oedema formation in the patients with PFF? (Paper IV)34
     Finding answers to these research questions may provide us a better understand-
ing of the pathophysiology of lower limb oedema development in the patients 
with PFF. It may also help us to optimize the treatment and prophylaxis to reduce 
personal sufferings and economical costs.
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MAIN AIMS OF THE STUDY
The main objectives of this study were to:
1. Investigate the incidence of lower limb oedema in the patients operated on for 
proximal femoral fracture (I).
2. Investigate the distribution of oedema in the different soft tissue compartments 
of the thigh and calf (II).
3. 	
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operated on for PFF to observe any correlation with the lower limb oedema 
(III).
4. 	
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balance (IV).
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MATERIAL
Proximal femoral fracture (PFF)
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fractures (PTF), where the former is an intracapsular fracture and the latter one is 
extracapsular fracture (Figure 2). AO/ASIF (Association for the Study of Internal 
Fixation) classify these fractures on the basis of localization and the degree of com-
munition and dislocation into A1, A2 and A3 for pertrochanteric fractures and B1, 
B2 and B3 for FCF35,36, where the degree of communition and dislocation increases 
$@'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of the fracture with 2 or 3 LIH nails under spinal anaesthesia. In case of PTF the 
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with dynamic hip screw (DHS) and a side plate with a varying numbers of holes. 
Sometimes trochanteric supporting plate, anti-rotation screw and cerclage wire 
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Figure 2. Type I and Type II proxi-
	
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	
		
according to AO/ASIF (Association 
for the Study of Internal Fixation).
     Either PTF or FCF, it is a common observation that the patients operated on for 
these types of fractures experience post-operative pain localized to the operation 
site as well as post operative lower limb oedema in the operated limb. Although 
the postoperative pain is the main hindrance in the effective mobilization of these 
patients, postoperative lower limb oedema has also been observed as a cause of 
discomfort. This post operative oedema may sometimes cause stiffness of the 
%
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tive mobilization of these patients. Only 50% of elderly patients with PFF return 
to the same ambulatory state they had before injury. And 10-20% of these patients 
become institutionalized within a year8,9,37,38.
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DISCUSSION OF METHODS
Colloid osmotic pressure (COP)
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proteins. A system for sample volume enlargement is required for the measurement 
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be a potential source of error. The COPif obtained by this technique is lower than 
the true COP of resting tissue for this reason. However, Rein et al. found that the 
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The blister suction technique is non-invasive and is easy to perform. Besides it is 
tolerated well by most patients.
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42,43. However, it is 
a relatively invasive approach as compared to the blister suction technique. The 
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analysis also requires further processing.
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5 mm in diameter into which blisters were formed. A subatmospheric pressure of 
200 mmHg was maintained for 60-90 minutes to obtain blisters. The interstitial 
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den) was used to measure the colloid osmotic pressure44,45. The osmometer included 
a dialysing membrane with a protein cut-off at molecular weight 30000 Dalton 
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www.millipore.com), so that proteins of greater size became osmotically active in 
the osmometer (Figure 3). 
     Blood from the median cubital vein was also drawn on the 7th post-operative day 
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analysed for COPpl on the osmometer described above.
 
Figure 3. A: Suction cups applied to the ventral surface of leg. Suction cups are 
connected by tubing to a manual pump (Blister Suction Device, E. Stranden). B: 
Schematic illustration of the suction cup and blister support. C: Colloid osmom-
eter (OncoLab, E. Stranden) and schematic illustration of the different parts of the 
osmotic pressure measuring device.
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technique (WIN). The non-operated limb served as a control.
     The needle (0.8 mm OD, 40 mm length) was provided with a 4 mm side-hole, 
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by autoclaving. The thread provided a continuous water connection between tissue 
and needle lumen. During measurements the needle was connected to a pressure 
transducer with a small volume displacement (Statham P23 Db). The pressure mea-
+$
""==~
%*		+
     The system was adjusted to zero pressure by levelling the needle at the site of 
$+$

^+
=+$_+
=
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technique, described by Scholander PF et al. 1968), was outlined by Wiig and Nod-
deland et al.41,46-48. The time needed for equilibration is dependent on the degree of 
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tissue hydration. Wiig et al. found that the WIN technique may overestimate the Pif 


$=%
+=$
"$
="=
=+
hydration was increased49.
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CFC is the product of the capillary hydraulic permeability per unit surface area and 
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sure CFC. Filtrass Angio is a computer-assisted, mercury-free strain-gauge plethys-
mograph52.
     The patients were recumbent for 15 minutes before the start of measurements. 
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sion cuffs were applied at the thigh level. Cushions supported both the thighs and 
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electromechanical strain-gauge sensor was applied bilaterally to the anterolateral 
aspect of the calf, at the level of largest circumference. The calf circumference 
was measured with a measuring tape to choose an appropriate length for the nylon 
thread of the transducer. 
     A venous occlusion pressure of 30 mmHg was applied simultaneously to both 
thighs for 5 minutes, and pressure was then increased to 50 mmHg and 70 mmHg 
at 5 and 10 minutes, respectively. CFC was calculated from the slopes of the 
volume curve following each periodic increase in the venous occlusion pressure 
(Figure 5)51.
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ever, this underestimation is of similar value bilaterally and the CFC ratio between 
the limbs is unchanged. 
     According to Stranden when tissue volume increases by x% due to oedema, the 
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Filtrass Angio plethysmograph. Pneumatic occlusion cuff is applied to the thigh. 
An electromechanical strain-gauge sensor is applied to the leg for measurement 
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distension. The calculation of CFC is based on the rate of further volume increase 
(hatched area).
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Venous occlusion plethysmography (Domed Filtrass Angio) was used to measure 
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ments, and the positioning of the patients and the measuring equipment was as 
described above for CFC.
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mediately after inclusion in the present study, venous blood samples were obtained 
for measurement of the plasma IL6 and IL8. A total of eight blood samples were 
obtained from the common femoral vein at hospital admission, one hour before op-
eration and postoperatively at 1, 6, 12, 24, 48 hours and on 5th post-operative day. 
Test tubes with EDTA were used for collection of the blood samples. The blood 
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immunosorbent assays (ELISA, Amersham Biosciences, UK). A standard curve 
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constructed. The assays allow measurement of IL6 and IL8 with sensitivity of < 1 
pg/mL and up to the maximum range of 400 pg/mL and 1000 pg/mL, respectively. 
The measurements were performed at The Hormone Laboratory, Oslo University 
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The frustum method is based on the assumption that the thigh and the calf ap-
proximate in shape to a truncated cone, or frustum (Figure 7)57-59. The volume of a 
frustum can be calculated by measuring at the largest and smallest circumferences, 
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est circumference, respectively. By applying these to the above formula, the leg 
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     The frustum method has previously been compared with water displacement 
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changes in the volume of the two methods of volume measurement57. In a control 
subject, the volume at calf level was measured 20 times by using frustum method 
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Figure 7. Volume calculation of 
lower limb segments by the frustum 
method. C and c represents the sites 
of circumference measurement at the 
largest and the smallest part of the 
calf- or thigh segments. h = length of 
the limb segment between the largest 
and the smallest circumferences. The 
formula for volume of truncated cone 
is used.
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In the patients with the PFF we would measure volume changes in the thigh and 
the leg separately. The water displacement volumetry method was hence not ideal. 
Besides, the surface measurement method is easier and rapid to apply. The patients 
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the hip joint which could have also lead to reduced patient compliance in case the 
water displacement method was planned. 
Colour duplex ultrasound (CDU)
To diagnose for DVT a Vingmed System Five ultrasound scanner (GE Vingmed 
Ultrasound A/S, Horten, Norway) with a 5- and 7.5-MHz linear array transducer 
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our vascular diagnostic department performed all CDU examinations on postopera-
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examined with the patient in the supine position. The popliteal vein and the three 
major calf veins were examined with the patient lying on the examination table 
with the legs tilted downwards. The venous imaging included both longitudinal and 
transverse planes. The criteria for diagnosis of DVT were based upon the pres-
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An air plethysmograph (MacroLab, Stranden, Norway) was used to exclude any 
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The patients were examined in the supine position and the limb was supported by 
pillows under the thigh and foot, with the calf above the level of the sternum. The 
venous occlusion and recording cuffs were applied to the thigh and to the calf, re-
spectively. Their width was approximately 70% of the circumference of the limb63. 
The pressure in the recording cuff was 6 mmHg, and a venous occlusion pressure 
of 50 mmHg was maintained for 1 minute. That permitted an unrestricted arte-
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The changes in the leg volume were recorded on a linear recorder. The degree of 
decline of the plethysmographic curve on release of the thigh cuff is a measure of 
the venous emptying rate and indicates whether the patient has any functionally 
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CT scan
Siemens Somatom Volume Zoom was used for CT scans on the 7th and 30th post-
operative days. Of the 34 patients who were examined by CT scan on the 7th post-
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operative day, 26 could also be examined on the 30th post-operative day.
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laterally (Figure 8). The sites of CT slices on the thigh and calf were determined by 
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cross-sectional CT areas of the different tissue compartments were measured in cm2 
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Figure 8. 1-mm CT scan slice 
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the thigh (distal to the lower 
edge of the surgical wound) 
and at the calf. Oedema can be 
determined by the difference in 
measured cross-sectional area 
of the soft tissue compartments.  
     CT scan has been frequently used to analyse volume and tissue changes in pa-
tients with leg oedema of different aetiology, e.g., post reconstructive oedema, criti-
cal ischaemic oedema, leg oedema in deep venous thrombosis, etc66-68. The studies 
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unilateral oedema, subcutaneous and intramuscular swelling could be calculated by 
planimetry and later by computer area measurement, as the difference between the 
oedematous and the contralateral extremity. However, X-ray radiation load can be 
an unwanted effect of CT scanning.
     Magnetic resonance imaging (MRI) has also been used for the measurement of 
leg oedema in the patients with lymphoedema, DVT, and leg oedema after vascular 
reconstruction in the lower limb69. The T2-weighted MRI is used to analyse the oe-
dema volume in the soft tissue compartments. Although MRI has a clear advantage 
of having no radiation it can be time consuming and more costly than the CT scan.
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 DISCUSSION OF RESULTS
All patients with PFF developed post-operative lower limb oedema in the fractured 
limb (paper 1). Increase in the volume of the contralateral limb was also registered 
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concluded that the patients operated on for PFF develop only oedema in the oper-
ated limb. Usually, oedema is clinically not detected until the interstitial volume 
has increased by over 100%, which corresponds to a 10% increase in limb size70. 
Most of the patients with PFF are elderly and a reduced nutritional state of the 
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Hypoalbuminemia could have been a causative factor of oedema since the plasma 
albumin levels in the patient population was 36.6 g/L, (SD 3.8), (normal reference 
values 45-57 g/L). However, it was still far beyond the levels where hypoalbumin-
emia could have caused a general oedema (20-25 g/L)71. The lower plasma albumin 
concentration still might have contributed generally but cannot alone explain the 
formation of unilateral lower limb oedema in patients with PFF.
     Both increase in COPpl and reduction in COPif have been mentioned as the most 
important oedema preventing factors by Fadnes and Noddeland et al.71,72. COPif 
was lower in the operated limb as compared to the contralateral limb in the patients 
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     We did not have control subjects for the measurement of COP in the pres-
ent study. Despite a low plasma albumin concentration the COPpl in our patient 
groups (FCF=20.4 mmHg (SD 2.2) and PTF=19.3 mmHg (SD 1.1)) was not much 
different from the COPpl  found by Noddeland et al. for control subjects (mean 
26.9 mmHg (range 20-35 mmHg). The controls in their study was however much 
younger than the patients in our study and therefore not readily comparable. 
     Noddeland et al. concluded that in the patients with nephrotic syndrome no 
leg oedema developed if the COPpl was above 16.5 mmHg
72. In our study in the 
patients with PFF a substantial amount of thigh and leg oedema developed in the 
operated limb even though the COPpl was as high as approximately 20 mmHg. This 
points to a conclusion that other factor than lower plasma protein concentration per 
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= COPpl - COPif) would be lower than normal in situations with oedema develop-
ing tendency73. In the patients with PTF transcapillary colloid osmotic gradient was 


+$=+QX=}X
=-
="%$$

$=


perhaps therefore for this reason a more substantial development of limb oedema.
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may give an underestimation of COPif
40. According to Adamson et al. the protein 




=
!+===
=




=
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comes into contact with the interstitial space through a narrow cleft between the 
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=+%'}if is even smaller. In the light of this information 
about the COPif by Adamson et al. a suspected underestimation of the COPif by the 
suction blister technique still might be even closer to the actual effective COPif.
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increase in capillary pressure (Pc) that follows reduction in precapillary resistance. 
The Pc is determined by arterial and venous pressures (Pa and Pv) and the ratio be-
tween the pre- and post-capillary resistance, Rv/Ra, as given by the equation:
Pc = (Pv + Pa . Rv/Ra) / (1 + (Rv/Ra))
23,75
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been in the later years recognized as capable of disrupting the inter-endothelial 
junction assembly, thereby causing endothelial hyperpermeability32. CFC was 
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with PTF and FCF was found at day 2, 5 and 7 post-operatively. 
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Since CFC is a product of hydraulic conductivity of the capillary wall and the 
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conductivity of the capillary walls and incorporation of more number of capillaries 
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increased venous pressure80.
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fracture (FCF) and pertrochanteric fracture (PTF). The upper two graphs compare 
CFC in the operated and the non-operated limb of patients with FCF and PTF, 
while the lower graph compares CFC in the two patient groups. The horizontal 
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     The patients with PFF especially FCF patients cannot do proper weight bearing 
on the operated limb postoperatively due to the pain at the site of operation. This 
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pump activity prevents oedema formation by reducing the ambulatory venous pres-
sure in the leg and ultimately the increased capillary hydrostatic pressure in upright 
position81. We have not measured the venous pressure in our patients but a poor calf 
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muscle pump function is to be expected due to lesser mobility after operation and 
during the early mobilisation. 
     In the patients with PFF, despite an extensive postoperative lower limb oedema 
in the operated limb on the 7th post-operative day, Pif did not increase in the anterior 
muscle compartment of the leg. It was only in case of PTF that the Pif values were 
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patients with PTF. This may induce increase in the capillary surface area as a result 
of recruitment of capillaries, and hence an increased CFC51,83-85.
     The patients with PTF and FCF had a substantial increase in the thigh volume as 
compared to the non-operated side on the post-operative day 7 (17.2% and 9.1%) 
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in the CSA of the subcutaneous tissue in only thigh region and only in the patients 
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ment both in the thigh as well as in the leg region in both groups. The pattern of 
distribution of oedema was somewhat complicated (Paper II, table 1). Although the 
proportional changes in the CSA measured are real, it probably is not free from an 
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the thigh or on the leg of a patient with a PFF might illustrate correctly the pro-
portional changes in the different soft tissue area changes at that site, however it 
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extremity.
     The reduction in the subcutaneous tissue volume of the calf on the 30th post-
operative day may be partly explained by the use of class I elastic compression 
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volume of calf muscle on the 30th post-operative day could be due to a moderate 
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that cause increased distal venous pressure that may lead to oedema formation. 
However, any deep venous thrombosis in the small calf muscle veins, without any 
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muscle despite a negative CDU and VOP. This could be suspected as an additional 
causative factor for the calf muscle CSA increase on the 30th post-operative day.
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limb of patients with PTF is quite considerable. This extensive volume increase 
may cause discomfort and a general feeling of heaviness, thus hindering mobiliza-
tion and prolonging rehabilitation. The extent of injury and the operated trauma it-
self, in case of PTF is much larger than FCF and results in almost twice the amount 
of oedema of the lower limb in the patients with PTF. 
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MAIN CONCLUSIONS
¡ All patients with PFF develop lower limb oedema in the operated limb. The 
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to the patients with FCF. 
¡ The oedema is distributed both in muscle and subcutaneous tissue. 
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(Pv) at upright position caused by a poor calf muscle pump function. 
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CLINICAL IMPLICATIONS
Pif
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$=!"87. The reduction of the subcutaneous leg oedema in patients with 
PFF on the 30th post-operative day was partly due to the use of Class I compression 
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a larger compression pressure and probably can help reduce oedema development 
even in the muscle compartment. 
     Focus can also be given to the movements of the lower limb joints in the oper-
ated limb as well as weight bearing to ensure a proper calf muscle pump function. 
This may reduce the post-operative lower limb oedema in these patients and prob-
ably helps to a better and an earlier mobilization of the patients. 
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